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I
t has been almost a decade since the first special issue on X-ray microscopy, organized by Günter Schmahl (SRN, Vol. 16, No. 3, 2003) . That was a time of rapid expansion of scanning X-ray microscopes (STXM) and transmission microscopes (TXM). The special issue included articles on soft X-ray microscopes at BESSYII, ALS, NSLS, Aarhus, Ritsumeikan, Elettra, and on hard X-ray microscopes at ESRF, SPring-8, and the APS.
Most of these instruments used zone plates to achieve high resolution, have thrived ever since, and many more have come on-line. Microscopes are now operating, or being commissioned at almost every light source around the world. X-ray microscopy has become a broadly utilized technique, with journal articles describing results appearing almost weekly. There are even commercial suppliers selling X-ray microscopes to be used at light X-ray Microscopy and Microtomography 
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Synchrotron radiation newS, Vol. 26, No. 2, 2013sources, or at any home laboratory. There is a specialized International Conference on Xray Microscopy that is held every two years, with the most recent one held in Shanghai in August 2012. Several review articles provide an overview of the field [1] [2] [3] [4] [5] .
Rather than elaborating on the developments and successes in these traditional forms of X-ray microscopy, we decided to emphasize those developments that are rather different in this special issue of SRN. In fact, three of the articles in this issue do not use high-resolution focusing elements. The article by Schwyn et al. describes the recording of a tomographic movie. It is not a Hollywood blockbuster, but it breaks new ground in high-speed X-ray microimaging. The article by Menzel et al. introduces ptychography, a form of diffractive imaging that is rapidly gaining popularity, and has already demonstrated spatial resolution that is substantially beyond the limits set by available optics. Martin and Loh describe "diffract and destroy," a novel form of diffractive imaging practiced at free electron lasers, while Kirian and Saldin describe an approach for "single particle imaging" where coherent diffraction patterns from many identical objects are used to obtain a three-dimensional image. Trace element mapping at high spatial resolution is the subject of the article by Vogt and Lanzirotti.
There are several ways to build an X-ray microscope, as summarized in Figure 1 . For fast, 3D imaging at resolutions on the order of 1-2 microns, no X-ray lenses are required. Schwyn et al. use a parallel beam from the source to directly illuminate the sample and to "imprint" its projection on a scintillating screen, which is then imaged with a highquality optical microscope to a high-speed detector. Higher resolution than possible with visible light microscopes can be achieved using an X-ray objective lens, such as a diffractive zone plate. Our issue does not highlight one of these TXMs, but the diffractive imaging described in the articles by Martin and Loh and Kirian and Saldin replaces the lens in a TXM by a phasing algorithm, requiring coherent illumination. The STXM uses the high-resolution lens as a probe-forming optic, which is scanned across the object and the image is the map of transmission (or fluorescence, as described by Vogt and Lanzirotti) as a function of probe location. By reciprocity, the STXM and TXM can give equivalent images. A pixel in the TXM detector becomes a source-point location of the STXM scan, and the angular illumination of the condenser becomes the STXM detector response. These forms of imaging are all beautifully put on equal footing in ptychography, described by Menzel et al., where coherent diffraction patterns are recorded at many scan positions and algorithms unravel the entire imaging process to separate the sample transmission from the aberrations of the microscope. Tomography can be achieved in all cases by recording images of various views of the sample.
None of these new forms of microscopy would be possible without new generations of detectors, high-speed, high-volume data acquisition, and computing power that was only dreamed about a decade ago. With many old and new forms of X-ray microscopy being pursued today, this is a very exciting time for the field. ■
